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(54) DEVICE AND METHOD FOR LASER BEAM PROCESSING. AND LASER BEAM OSCILLATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To conduct high quality working by 
converting intensity distribution of a laser beam on a processing 
object so as to be uniform distribution in a laser beam 
processing device where an image of a mask is projected on a 
processing object and processed. 

SOLUTION: A laser beam 102 from a laser beam oscillator 101 
is divided by means of a S/P separating mirror 104, intensity 
distribution of one laser beam 102a is converted in an annular 
zone shape by means of a phase shift member 1 05 on a mask 
113, and the other laser beam 102b is maintained in a gauss 
shape and propagated on the mask 1 13. Since polarizing 
distribution of the laser beam 102a and 102b are vertical, 
intensity distribution of a synthesized laser beam 102c on the 
mask becomes added value of intensity of each laser beam and 
can be uniformed. Furthermore, since polarizing distribution of 
the laser beam on the processing object is uniformed by 
projecting the image of a mask by a projection lens 1 14 on a 
processing object 1 1 5, quality processing can be conducted. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The laser oscillation machine with which intensity distribution oscillate a gauss-like laser beam, 
and the mask which starts said laser beam in the cross-section configuration of arbitration, A means to have 
the projection optics which projects the image of said mask on a processing object, to arrange in front of 
said mask, and to divide said laser beam into two, A means to change the laser beam of the divided both 
sides into the linearly polarized light, and to change perpendicularly the polarization direction of the laser 
beam of said both sides, Laser-beam-machining equipment which has the means which while divided and 
makes the intensity distribution of a laser beam the shape of zona orbicularis on a mask, and a means to 
compound two laser beams divided in front of said mask. 

[Claim 2] The laser oscillation machine with which intensity distribution oscillate a gauss-like laser beam, 
and the mask which starts said laser beam in the cross-section configuration of arbitration, A means to have 
the projection optics which projects the image of said mask on a processing object, and to divide said laser 
beam into the laser beam of the two linearly polarized lights with the perpendicular polarization direction in 
front of said mask. Laser-beam-machining equipment which has the means which while divided and makes 
the intensity distribution of a laser beam the shape of zona orbicularis on a mask, and a means to compound 
two laser beams divided in front of the mask. 

[Claim 3] The means which while divided and makes the intensity distribution of a laser beam the shape of 
zona orbicularis on a mask In the spherical coordinate system in a flat surface perpendicular to the travelling 
direction of said laser beam The phase shift member in which only the same include angle as the angle of 
deviation of a polar coordinate was formed so that the phase of said laser beam might be shifted, Laser- 
beam-machining equipment according to claim 1 or 2 characterized by being constituted using the 
condensing optical system arranged after said phase shift member, and the projection optics which projects 
the image of the condensing point of said laser beam condensed by said condensing optical system on the 
location of said mask. 

[Claim 4] The means which while divided and makes the intensity distribution of a laser beam the shape of 
zona orbicularis on a mask In the spherical coordinate system in a flat surface perpendicular to the travelling 
direction of said laser beam Divide into the field which divided the between from zero radian to 2pi radian 
of the angle of deviation of a polar coordinate by the number of arbitration, and in each divided field The 
phase shift member formed so that only the same include angle might shift the phase of said laser beam and 
the include angle might be contained within the limits of the angle of deviation of the polar coordinate in 
each field. Laser-beam-machining equipment according to claim 1 or 2 characterized by being constituted 
using the condensing optical system arranged after said phase shift member, and the projection optics which 
projects the image of the condensing point of said laser beam condensed by said condensing optical system 
on the location of a mask. 

[Claim 5] The means which while divided and makes the intensity distribution of a laser beam the shape of 
zona orbicularis on a mask The phase shift member formed so that the phase of said laser beam might be 
shifted in the shape of [ centering on an optical axis ] zona orbicularis in a flat surface perpendicular to the 
travelling direction of said laser beam. Laser-beam-machining equipment according to claim 1 or 2 
characterized by being constituted using the condensing optical system arranged after said phase shift 
member, and the projection optics which projects the image of the condensing point of said laser beam 
condensed by said condensing optical system on the location of said mask. 

[Claim 6] Laser-beam-machining equipment given in either of claims 3-5 to which a phase shift member is 
characterized by being formed in condensing optical system and one. 

[Claim 7] The step which oscillates the laser beam whose intensity distribution are gauss-like, and the step 
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which starts said laser beam in the cross-section configuration of arbitration. The step which divides said 
laser beam into two in front of the step which has the step which projects the image of the cross section of 
the started laser beam on a processing object, and starts said laser beam in the cross-section configuration of 
arbitration further, The step which changes the laser beam of the both sides which divided into the linearly 
polarized light, and changes perpendicularly the polarization direction of the laser beam of said both sides. 
The laser-beam-machining approach of having the step which divided and compounds two laser beams 
divided in front of the location which starts the step which makes the intensity distribution of a laser beam 
the shape of zona orbicularis in the location which starts said laser beam in the cross-section configuration 
of arbitration and said laser beam in the cross-section configuration of arbitration. 

[Claim 8] The step to which intensity distribution oscillate a gauss-like laser beam, and the step which starts 
said laser beam in the cross-section configuration of arbitration, It has the step which projects the image of 
the cross section of said started laser beam on a processing object. The step which divides said laser beam at 
the laser beam of the two linearly polarized lights with the perpendicular polarization direction before the 
step which furthermore starts said laser beam in the cross-section configuration of arbitration. The laser- 
beam-machining approach of having the step which divided and compounds two laser beams divided in 
fi-ont of the location which starts the step which makes the intensity distribution of a laser beam the shape of 
zona orbicularis in the location which starts said laser beam in the cross-section configuration of arbitration 
and said laser beam in the cross-section configuration of arbitration. 

[Claim 9] While divided and the step made into the shape of zona orbicularis in the location which starts 
said laser beam in the cross-section configuration of arbitration the intensity distribution of a laser beam In 
the spherical coordinate system in a flat surface perpendicular to the travelling direction of said laser beam 
The step to which only the same include angle as the angle of deviation of a polar coordinate shifts the phase 
of said laser beam, The laser-beam-machining approach according to claim 7 or 8 characterized by being 
constituted by the step which condenses said laser beam by which the phase shift was carried out, and the 
step which projects the image of the condensing point of said condensed laser beam on the location of a 
mask. 

[Claim 1 0] While divided and the step made into the shape of zona orbicularis in the location which starts 
said laser beam in the cross-section configuration of arbitration the intensity distribution of a laser beam In 
the spherical coordinate system in a flat surface perpendicular to the travelling direction of said laser beam 
Divide into the field which divided the between fi-om zero radian to 2pi radian of the angle of deviation of a 
polar coordinate by the number of arbitration, and in each divided field The step which only the same 
include angle shifts the phase of said laser beam, and the include angle is made to be contained within the 
limits of the angle of deviation of the polar coordinate in each field, The laser-beam-machining approach 
according to claim 7 or 8 characterized by being constituted by the step which condenses said laser beam by 
which the phase shift was carried out, and the step which projects the image of the condensing point of said 
condensed laser beam on the location of a mask. 

[Claim 11] While divided and the step made into the shape of zona orbicularis in the location which starts 
said laser beam in the cross-section configuration of arbitration the intensity distribution of a laser beam The 
step which shifts the phase of said laser beam in the shape of [ centering on an optical axis ] zona orbicularis 
in a flat surface perpendicular to the travelling direction of said laser beam. The laser-beam-machining 
approach according to claim 7 or 8 characterized by being constituted by the step which condenses said laser 
beam by which the phase shift was carried out, and the step which projects the image of the condensing 
point of said condensed laser beam on the location of a mask. 

[Claim 12] The laser-beam-machining approach given in either of claims 9-11 characterized by making the 
step which condenses the laser beam by which the phase shift was carried out, and the step which projects 
the image of the condensing point of said condensed laser beam on the location of a mask into one. 
[Claim 1 3] The laser oscillation machine which has a means change the optical resonator which oscillates 
the laser beam whose intensity distribution are gauss-like, a means to divide said laser beam into two, and 
the laser beam of the divided both sides into the linearly polarized light, and change perpendicularly the 
polarization direction of the laser beam of said both sides, the means which while divided and makes the 
intensity distribution of a laser beam the shape of zona orbicularis by the position, and a means compoimd 
two laser beams divided in front of the position. 

[Claim 1 4] The laser oscillation machine which has the optical resonator which oscillates the laser beam 
whose intensity distribution are gauss-like, a means to divide said laser beam into the laser beam of the two 
linearly polarized lights with the perpendicular polarization direction, the means which while divided and 
makes the intensity distribution of a laser beam the shape of zona orbicularis by the position, and a means to 
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compound two laser beams divided in front of the position. 

[Claim 15] The means which while divided and makes the intensity distribution of a laser beam the shape of 
zona orbicularis by the position In the spherical coordinate system in a flat surface perpendicular to the 
travelling direction of said laser beam The phase shift member in which only the same include angle as the 
angle of deviation of a polar coordinate was formed so that the phase of said laser beam might be shifted, 
The laser oscillation machine according to claim 1 3 or 1 4 characterized by being constituted using the 
condensing optical system arranged after a phase shift member, and the projection optics which projects the 
image of the condensing point of said laser beam condensed by condensing optical system on said position. 
[Claim 1 6] The means which while divided and makes the intensity distribution of a laser beam the shape of 
zona orbicularis by the position In the spherical coordinate system in a flat surface perpendicular to the 
travelling direction of said laser beam Divide into the field which divided the between from zero radian to 
2pi radian of the angle of deviation of a polar coordinate by the number of arbitration, and in each divided 
field The phase shift member formed so that only the same include angle might shift the phase of said laser 
beam and the include angle might be contained within the limits of the angle of deviation of the polar 
coordinate in each field, The laser oscillation machine according to claim 13 or 14 characterized by being 
constituted by the condensing optical system arranged after a phase shift member, and the projection optics 
which projects the image of tiie condensing point of said laser beam condensed by condensing optical 
system on said position. 

[Claim 1 7] The means which while divided and makes the intensity distribution of a laser beam the shape of 
zona orbicularis by the position The phase shift member formed so that the phase of said laser beam might 
be shifted in the shape of [ centering on an optical axis ] zona orbicularis in a flat surface perpendicular to 
the travelling direction of said laser beam. The laser oscillation machine according to claim 13 or 14 
characterized by being constituted by the condensing optical system arranged after a phase shift member, 
and the projection optics which projects the image of the condensing point of said laser beam condensed by 
condensing optical system on said position. 

[Claim 18] A laser oscillation machine given in either of claims 15-17 to which a phase shift member is 
characterized by being formed in condensing optical system and one. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laser oscillation machine which oscillates the high laser 
beam of space coherencies, such as a C02 laser and an YAG laser, in the laser-beam-machining equipment 
into which it is processed by projecting on a workpiece the image of the mask which has opening of the 
configuration of arbitration about a laser oscillation machine using the high laser beam of space coherencies, 
such as a C02 laser and an YAG laser, especially in laser-beam-machining equipment and the laser-beam- 
machining approach, and a list and its approach, and a list. 
[0002] 

[Description of the Prior Art] The conventional technique about the laser-beam-machining equipment 
mentioned above is explained using drawing. Drawing 5 is the block diagram of conventional laser-beam- 
machining equipment. In drawing 5 ,51 is a laser oscillation machine, 52 is a laser beam, and the dotted line 
showed the profile all over drawing. For 53, as for a mask and 55, a telescope and 54 are [ a projection lens 
and 56 ] processing objects. 

[0003] The laser beam 52 which carried out outgoing radiation from the laser oscillation machine 51 passes 
a telescope 53, and it carries out incidence to a mask 54. As for a mask 54, magnitude may use the mask of 
magnitude with which it is different not according to adjustable but according to processing, as for the case 
where the magnitude of a hole [ are adjustable and ] to process it determines the magnitude of the aperture 
of a mask, and magnitude. Moreover, a telescope 53 is designed so that the beam diameter of a laser beam 
52 and the curvature of a wave fi'ont which carry out incidence to a mask may become the optimal to 
processing. 

[0004] And the projection lens 55 projects the image of a mask on the processing object 56, for example, a 
perforating process is performed to workpieces, such as a printed circuit board. 

[0005] Moreover, in the conventional technique, a laser beam is scanned with a galvanomirror, or it moves 
between processings on a stage at high speed, and the device of processing a large number for a short time is 
seen. 
[0006] 

[Problem(s) to be Solved by the Invention] However, laser-beam-machining equipment as shown with the 
conventional technique has the technical problem which is described below. As for the intensity distribution 
of the laser beam on a workpiece to processing of perforation of a build up multilayer substrate in case many 
glass fibers are contained in quenching, welding, and resin among laser beam machining etc., it is desirable 
to carry out uniform distribution. 

[0007] However, in the case of a C02 laser, an YAG laser, etc., near an optical axis is close [ the intensity 
distribution of a laser beam ] to the so-called Gaussian distribution to which reinforcement becomes weak 
exponentially in many cases as reinforcement is strong and goes on the outskirts. 

[0008] When such a laser beam is used for perforation of the build up multilayer substrate mentioned above, 
for example, the fiber lobe of a beer wall becomes long and causes a defect of back processes, such as 
plating. 

[0009] Moreover, although the device of expanding a laser beam sufficiently greatly to opening of a mask 
using a collimator, and using for processing only the field where the optical axis and the reinforcement of 
near of a laser beam are strong about laser-beam-machining equipment like the conventional example is 
seen, when such a device is performed, the energy of the laser beam intercepted by the covered section of a 
mask becomes large, and the utilization factor fall of energy is caused as a result. 

[0010] Moreover, in the former, a multimode laser beam is generated and there is a method of bringing close 
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and using the intensity distribution of a laser beam for uniform distribution. However, generally the degree 
changes with change of a laser output, and it is tended, as for the laser beam of a multimode, to change 
intensity distribution. Consequently, tfie intensity distribution in a processing side change and there is a 
trouble that workability ability cannot be stabilized. 

[001 1] In laser beam machining which projects the image of a mask on a processing object and processes it, 
this invention is changing the intensity distribution of the laser beam on a workpiece so that it may become ' 
uniform distribution, and aims at performing high-definition processing. 
[0012] 

[Means for Solving the Problem] The laser oscillation machine with which, as for this invention, intensity 
distribution oscillate a gauss-hke laser beam in order to solve this technical problem, A means to have the 
mask which starts said laser beam in the cross-section configuration of arbitration, and the projection optics 
which projects the image of said mask on a processing object, and to divide said laser beam into two in fi-ont 
of said mask, A means to change the laser beam of the divided both sides into the linearly polarized light, 
and to change perpendicularly the polarization direction of the laser beam of said both sides. The means 
which while divided and makes the intensity distribution of a laser beam the shape of zona orbicularis on a 
mask, A means to compound two laser beams divided in fi-ont of said mask constitutes, the intensity 
distribution of a laser beam tum into uniform distribution according to the magnitude of a mask in a 
processing object, and quality processing can be performed. 

[0013] Moreover, the laser oscillation machine with which intensity distribution oscillate a gauss-like laser 
beam, It has the mask which starts said laser beam in the cross-section configuration of arbitration, and the 
projection optics which projects the image of said mask on a processing object. A means to divide said laser 
beam into the laser beam of the two linearly polarized lights with the perpendicular polarization direction in 
fi-ont of said mask. The means which while divided and makes the intensity distribution of a laser beam the 
shape of zona orbicularis on a mask, A means to compound two laser beams divided in fi-ont of the mask 
constitutes, the intensity distribution of a laser beam tum into uniform distribution according to the 
magnitude of a mask in a processing object, and quality processing can be performed. [0014] 
[Embodiment of the Invention] The laser oscillation machine with which, as for invention of this invention 
according to claim 1 , intensity distribution oscillate a gauss-hke laser beam, A means to have the mask 
which starts said laser beam in the cross-section configuration of arbitration, and the projection optics which 
projects the image of said mask on a processing object, and to divide said laser beam into two in fi-ont of 
said mask, A means to change the laser beam of the divided both sides into the Hnearly polarized light, and 
to change perpendicularly the polarization direction of the laser beam of said both sides. It is laser-beam- 
machining equipment which has the means which while divided and makes the intensity distribution of a 
laser beam the shape of zona orbicularis on a mask, and a means to compound two laser beams divided in 
fi-ont of said mask. By this configuration In a processing object, the intensity distribution of a laser beam 
tum into uniform distribution according to the magnitude of a mask, and quality processing can be 
performed. 

[0015] Moreover, the laser oscillation machine with which, as for invention according to claim 2, intensity 
distribution oscillate a gauss-like laser beam. It has the mask which starts said laser beam in the cross- 
section configuration of arbitration, and the projection optics which projects the image of said mask on a 
processing object. A means to divide said laser beam into the laser beam of the two linearly polarized lights 
with the perpendicular polarization direction in fi-ont of said mask. It is laser-beam-machining equipment 
which has the means which while divided and makes the intensity distribution of a laser beam the shape of 
zona orbicularis on a mask, and a means to compoimd two laser beams divided in fi-ont of the mask. By this 
configuration In a processing object, the intensity distribution of a laser beam tum into uniform distribution 
according to the magnitude of a mask, and quality processing can be performed. 

[0016] Moreover, the means which while divided invention according to claim 3, and makes the intensity 
distribution of a laser beam the shape of zona orbicularis on a mask specifically In the spherical coordinate 
system in a flat surface perpendicular to the travelling direction of said laser beam The phase shift member 
in which only the same include angle as the angle of deviation of a polar coordinate was formed so that the 
phase of said laser beam might be shifted. It is laser-beam-machining equipment according to claim 1 or 2 
constituted by the condensing optical system arranged after said phase shift member, and the projection 
optics which projects the image of the condensing point of said laser beam condensed by said condensing 
optical system on the location of said mask. By this configuration In a processing object, the intensity 
distribution of a laser beam tum into uniform distribution according to the magnitude of a mask, and quality 
processing can be performed. 
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[0017] Moreover, the means which while divided invention according to claim 4, and makes the intensity 
distribution of a laser beam the shape of zona orbicularis on a mask In the spherical coordinate system in a 
flat surface perpendicular to the travelling direction of said laser beam Divide into the field which divided 
the between from zero radian to 2pi radian of the angle of deviation of a polar coordinate by the number of 
arbitration, and in each divided field The phase shift member formed so tiiat only the same include angle 
might shift the phase of said laser beam and the include angle might be contained within the limits of the 
angle of deviation of the polar coordinate in each field. It is laser-beam-machining equipment according to 
claim 1 or 2 constituted by the condensing optical system arranged after said phase shift member, and the 
projection optics which projects the image of the condensing point of said laser beam condensed by said 
condensing optical system on the location of a mask. By this configuration, in a processing object, the 
intensity distribution of a laser beam turn into uniform distribution according to the magnitude of a mask, 
and quality processing can be performed. 

[0018] Moreover, the means which while divided invention according to claim 5, and makes the intensity 
distribution of a laser beam the shape of zona orbicularis on a mask The phase shift member formed so that 
the phase of said laser beam might be shifted in the shape of [ centering on an optical axis ] zona orbicularis 
in a flat surface perpendicular to the travelling direction of said laser beam. It is laser-beam-machining 
equipment according to claim 1 or 2 constituted by the condensing optical system arranged after said phase 
shift member, and the projection optics which projects the image of the condensing point of said laser beam 
condensed by said condensing optical system on the location of said mask. By this configuration In a 
processing object, the intensity distribution of a laser beam turn into uniform distribution according to the 
magnitude of a mask, and quality processing can be performed. 

[0019] Invention according to claim 6 is laser-beam-machining equipment given in either of claims 3-5 to 
which a phase shift member is characterized by being formed in condensing optical system and one, and by 
this configuration, in a processing object, the intensity distribution of a laser beam tum into uniform 
distribution according to the magnitude of a mask, and it can still more specifically perform quality 
processing. 

[0020] The step to which, as for invention of this invention according to claim 7, intensity distribution 
oscillate a gauss-like laser beam, It has the step which starts said laser beam in the cross-section 
configuration of arbitration, and the step which projects the image of the cross section of the started laser 
beam on a processing object. The step which divides said laser beam into two in front of the step which 
fijrthermore starts said laser beam in the cross-section configuration of arbitration. The step which changes 
the laser beam of the both sides which divided into the linearly polarized light, and changes perpendicularly 
the polarization direction of the laser beam of said both sides. The step which while divided and makes the 
intensity distribution of a laser beam the shape of zona orbicularis in the location which starts said laser 
beam in the cross-section configuration of arbitration, It is the laser-beam-machining approach of having the 
step which compounds two laser beams which divided said laser beam in front of the location started in the 
cross-section configuration of arbitration. By this technique In a processing object, the intensity distribution 
of a laser beam tum into uniform distribution according to the magnitude of a mask, and quality processing 
can be performed. 

[0021] Moreover, the step to which, as for this invention according to claim 8, intensity distribution oscillate 
a gauss-Hke laser beam, It has the step which starts said laser beam in the cross-section configuration of 
arbitration, and the step which projects the image of the cross section of said started laser beam on a 
processing object. The step which divides said laser beam at the laser beam of the two linearly polarized 
lights with the perpendicular polarization direction before the step which fijrthermore starts said laser beam 
in the cross-section configuration of arbitration, The step which while divided and makes the intensity 
distribution of a laser beam the shape of zona orbicularis in the location which starts said laser beam in the 
cross-section configuration of arbitration. It is the laser-beam-machining approach of having the step which 
compounds two laser beams which divided said laser beam in front of the location started in the cross- 
section configuration of arbitration. By this technique In a processing object, the intensity distribution of a 
laser beam tum into uniform distribution according to the magnitude of a mask, and quality processing can 
be performed. 

[0022] Still more concretely, while divided invention according to claim 9, and the step made into the shape 
of zona orbicularis in the location which starts said laser beam in the cross-section configuration of 
arbitration the intensity distribution of a laser beam In the spherical coordinate system in a flat surface 
perpendicular to the travelling direction of said laser beam The step to which only the same include angle as 
the angle of deviation of a polar coordinate shifts the phase of said laser beam. It is the laser-beam- 
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machining approach according to claim 7 or 8 constituted by the step which condenses said laser beam by 
which the phase shift was carried out, and the step which projects the image of the condensing point of said 
condensed laser beam on the location of a mask. By this technique In a processing object, the intensity 
distribution of a laser beam tum into uniform distribution according to the magnitude of a mask, and quality 
processing can be performed. 

[0023] While divided invention according to claim 10, and moreover, the step made into the shape of zona 
orbicularis in the location which starts said laser beam in the cross-section configuration of arbitration the 
intensity distribution of a laser beam In the spherical coordinate system in a flat surface perpendicular to the 
travelling direction of said laser beam Divide into the field which divided the between from zero radian to 
2pi radian of the angle of deviation of a polar coordinate by the number of arbitration, and in each divided 
field The step which only the same include angle shifts the phase of said laser beam, and the include angle is 
made to be contained within the limits of the angle of deviation of the polar coordinate in each field. It is the 
laser-beam-machining approach according to claim 7 or 8 constituted by the step which condenses said laser 
beam by which the phase shift was carried out, and the step which projects the image of the condensing 
point of said condensed laser beam on the location of a mask. By this technique In a processing object, the 
intensity distribution of a laser beam tum into uniform distribution according to the magnitude of a mask, 
and quality processing can be performed. 

[0024] While divided invention according to claim 1 1 , and moreover, the step made into the shape of zona 
orbicularis in the location which starts said laser beam in the cross-section configuration of arbitration the 
intensity distribution of a laser beam The step which shifts the phase of said laser beam in the shape of 
[ centering on an optical axis ] zona orbicularis in a flat surface perpendicular to the travelling direction of 
said laser beam, It is the laser-beam-machining approach according to claim 7 or 8 constituted by the step 
which condenses said laser beam by which the phase shift was carried out, and the step which projects the 
image of the condensing point of said condensed laser beam on the location of a mask. By this technique In 
a processing object, the intensity distribution of a laser beam tum into uniform distribution according to the 
magnitude of a mask, and quality processing can be performed. 

[0025] still more concretely , invention according to claim 12 be the laser beam machining approach given 
in either of claims 9-1 1 which made one the step which condense the laser beam by which the phase shift be 
carried out , and the step which project the image of the condense point of said condensed laser beam on the 
location of a mask , and by this technique , in a processing object , the intensity distribution of a laser beam 
tum into uniform distribution according to the magnitude of a mask , and it can perform quality processing . 
[0026] The optical resonator with which, as for invention of this invention according to claim 13, intensity 
distribution oscillate a gauss-like laser beam, A means to change a means to divide said laser beam into two, 
and the laser beam of the divided both sides into the linearly polarized light, and to change perpendicularly 
the polarization direction of the laser beam of said both sides, The means which while divided and makes 
the intensity distribution of a laser beam the shape of zona orbicularis by the position, It is the laser 
oscillation machine which has a means to compoimd two laser beams divided in front of the position. The 
intensity distribution of the laser beam in a position become homogeneity by this configuration. In a 
processing object, the intensity distribution of a laser beam tum into uniform distribution according to the 
magnitude of a mask by using the laser oscillation machine of this invention for laser-beam-machining 
equipment, and projecting the uniform intensity distribution in a position on a processing object, and quality 
processing can be performed. 

[0027] The optical resonator with which, as for invention according to claim 14, intensity distribution 
oscillate a gauss-like laser beam still more concretely, A means to divide said laser beam into the laser beam 
of the two linearly polarized lights with the perpendicular polarization direction, The means which while 
divided and makes the intensity distribution of a laser beam the shape of zona orbicularis by the position, It 
is the laser oscillation machine which has a means to compound two laser beams divided in front of the 
position. The intensity distribution of the laser beam in a position become homogeneity by this 
configuration. In a processing object, the intensity distribution of a laser beam tum into imiform distribution 
according to die magnitude of a mask by using the laser oscillation machine of this invention for laser- 
beam -machining equipment, and projecting the uniform intensity distribution in a position on a processing 
object, and quality processing can be performed. 

[0028] Moreover, tfie means which while divided invention according to claim 15, and makes the intensity 
distribution of a laser beam the shape of zona orbicularis by the position In the spherical coordinate system 
in a flat surface perpendicular to the travelling direction of said laser beam The phase shift member in which 
only the same include angle as the angle of deviation of a polar coordinate was formed so that the phase of 
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said laser beam might be shifted. It is the laser oscillation machine according to claim 1 3 or 1 4 constituted 
by the condensing optical system arranged after a phase shift member, and the projection optics which 
projects the image of the condensing point of said laser beam condensed by condensing optical system on 
said position. The intensity distribution of the laser beam in a position become homogeneity by this 
configuration. In a processing object, the intensity distribution of a laser beam tum into uniform distribution 
according to the magnitude of a mask by using the laser oscillation machine of this invention for laser- 
beam-machining equipment, and projecting the uniform intensity distribution in a position on a processing 
object, and quality processing can be performed. 

[0029] Moreover, the means which while divided invention according to claim 1 6, and makes the intensity 
distribution of a laser beam the shape of zona orbicularis by the position In the spherical coordinate system 
in a flat surface perpendicular to the travelling direction of said laser beam Divide into the field which 
divided the between fi-om zero radian to 2pi radian of the angle of deviation of a polar coordinate by the 
nimiber of arbitration, and in each divided field The phase shift member formed so that only the same 
include angle might shift the phase of said laser beam and the include angle might be contained within the 
limits of the angle of deviation of the polar coordinate in each field. It is the laser oscillation machine 
according to claim 13 or 14 constituted by the condensing optical system arranged after a phase shift 
member, and the projection optics which projects the image of the condensing point of said laser beam 
condensed by condensing optical system on said position. The intensity distribution of the laser beam in a 
position become homogeneity by this configuration. In a processing object, the intensity distribution of a 
laser beam tum into uniform distribution according to the magnitude of a mask by using the laser oscillation 
machine of this invention for laser-beam-machining equipment, and projecting the uniform intensity 
distribution in a position on a processing object, and quality processing can be performed. 
[0030] Moreover, the means which while divided invention according to claim 17, and makes the intensity 
distribution of a laser beam the shape of zona orbicularis by the position The phase shift member formed so 
that the phase of said laser beam might be shifted in the shape of [ centering on an optical axis ] zona 
orbicularis in a flat surface perpendicular to the travelling direction of said laser beam. It is the laser 
oscillation machine according to claim 13 or 14 constituted by the condensing optical system arranged after 
a phase shift member, and the projection optics which projects the image of the condensing point of said 
laser beam condensed by condensing optical system on said position. The intensity distribution of the laser 
beam in a position become homogeneity by this configuration. In a processing object, the intensity 
distribution of a laser beam tum into uniform distribution according to the magnitude of a mask by using the 
laser oscillation machine of this invention for laser-beam-machining equipment, and projecting the uniform 
intensity distribution in a position on a processing object, and quality processing can be performed. 
[0031] Invention according to claim 18 is a laser oscillation machine given in either of claims 15-17 by 
which the phase shift member was formed in condensing optical system and one still more concretely. The 
intensity distribution of the laser beam in a position become homogeneity by this configuration. In a 
processing object, the intensity distribution of a laser beam tum into uniform distribution according to the 
magnitude of a mask by using the laser oscillation machine of this invention for laser-beam-machining 
equipment, and projecting the uniform intensity distaibution in a position on a processing object, and quality 
processing can be performed. 

[0032] Hereafter, the gestalt of operation of this invention is explained using drawing 4 firom drawing 1 . 
[0033] (Gestalt of operation) Drawing 1 is the outline block diagram of the laser-beam-machining 
equipment in the gestalt of 1 operation of this invention. The laser beam fi*om which the laser oscillation 
machine was separated for 101 and a laser beam and 102a were being steadily separated for 102 in drawing 
1 , The laser beam of another side where 102b was separated, the laser beam by which 102c was 
compounded, 1 03 a S/P separation mirror and 1 05 for a phase retarder and 1 04 A phase shift member, 1 06 ~ 
a condenser lens and 107 ~ a beam waist location and 108 ~ projection optics and 109 — for a total 
reflection mirror and 1 12, as for a mask and 1 14, a S/P separation mirror and 1 13 are [ a total reflection 
mirror and 1 10 / a telescope and 1 1 1 / a projection lens and 115] processing objects. 
[0034] Next, actuation is explained. As for the laser oscillation machine 101, intensity distribution oscillate 
the laser beam 1 02 of the linearly polarized light by the shape of a gauss. In addition, the dotted line showed 
the laser beam 102 all over drawing. The phase retarder 103 controls the oscillating direction of polarization 
of a laser beam 102. 

[0035] And the S/P separation mirror 104 divides a laser beam 102 into the component of P polarization and 
S polarization. The S/P separation mirror 1 04 penetrates the laser beam of P polarization, and, specifically, 
reflects the laser beam of S polarization. The laser beam in which the laser beam which penetrated the S/P 
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separation mirror 104 was reflected in 102a and the S/P separation mirror 104 is 102b. 
[0036] And in the spherical coordinate system in the flat surface where the phase shift member 105 is 
perpendicular to the travelling direction of laser beam 102a, only the same include angle as the angle of 
deviation of a polar coordinate shifts the phase of a laser beam, 

[0037] Drawing 2 (a) shows drawing which looked at the phase shift member 105 fi-om across to the field 
perpendicular to an optical axis. The phase shift member 105 gives the transparency film to the plate of the 
quality of the material which penetrates laser beam 1 02a, and membranous thickness d (mm) is given in the 
form [ like ] over the spherical coordinate system in a flat surface perpendicular to an optical axis (several 
1). 

[0038] 

[Equation 1] 

2 7c X 

[0039] In (several 1), lambda is [ the refractive index theta of the transparency film of the wavelength (mm) 
of a laser beam 102 and n ] the angle of deviation (radian) of a spherical coordinate system. And a 
condenser lens 106 is arranged just behind the phase shift member 105, and condenses laser beam 102a. 
[0040] In the best focus location 107, i.e., a beam waist location, as for laser beam 102a in which the phase 
shift was carried out by the phase shift member 105 and which was condensed with the condenser lens 106, 
intensity distribution become zona orbicularis-like. And projection optics 108 projects the image of the 
beam waist location 107 on the location of a mask 113. 

[0041] Next, it is reflected in the total reflection mirror 109, and incidence of the laser beam 102b reflected 
in the S/P separation mirror 104 is carried out to a telescope 1 10. A telescope 1 10 controls laser beam 102b 
to become a suitable beam diameter and the curvature of a wave front on a mask. 

[0042] And laser beam 1 02b reflected in the total reflection mirror 1 1 1 is compounded so that laser beam 
1 02a, the current beam position, and a travelling direction may be in agreement in the S/P separation mirror 
112, namely, so that an optical axis may be in agreement. The compounded laser beam is called laser beam 
102c. 

[0043] Thus, if constituted, the intensity distribution of laser beam 102c in a mask 113 will become addition 
of each intensity distribution of laser beam 102a and laser beam 102b. 

[0044] The intensity distribution of laser beam 1 12b are shown for the intensity distribution in the mask 1 12 
of laser beam 102a in drawing 3 (a) at drawing 3 (b). Since the image of the beam waist location 107 is 
reproduced, the intensity distribution in the mask 1 12 of laser beam 102a become zona orbicularis-like, and 
since the intensity distribution of laser beam 1 12b do not receive a phase modulation, intensity distribution 
become gauss-like. 

[0045] And the intensity distribution of laser beam 1 12c become addition with the intensity distribution 
shown in drawing 3 (a), and the intensity distribution shown in drawing 3 (b), and can be made xmiform 
distribution as shown in drawing 3 (c). 

[0046] In order to make uniform distribution reinforcement of laser beam 1 02c on a mask Although the 
beam diameter of the intensity distribution in the mask 112 of laser beam 102a and the intensity distribution 
of laser beam 102b and a strong ratio must be chosen the optimal, with the gestalt of this operation The 
beam diameter adjusted the projection scale factor of projection optics 108 about laser beam 102a, and 
adjusted it by moving the convex lens which constitutes a telescope 110 about laser beam 102b in 
accordance with an optical axis. 

[0047] Moreover, the ratio of the reinforcement of laser beam 102a and a laser beam b is controlling the 
oscillating direction of a laser beam 1 02 by the phase retarder, and was adjusted. 
[0048] Here, when the polarization direction of two laser beams compounded temporarily is not 
perpendicular, the intensity distribution of two laser beams compounded will cause interference, without 
becoming strong addition. In this case, since the phase of the laser beam to which the phase was shifted by 
the phase shift member 1 05 is not an axial object, the intensity distribution on the mask of the laser beam 
compounded become a non-object absolutely, and do not become homogeneity. And the projection lens 114 
projects the image of a mask 1 13 on a processing object. 

[0049] If the above laser-beam-machining equipments are constituted, the intensity distribution of the laser 
beam on a processing object can be made into homogeneity, and quality processing will be attained. 
[0050] In addition, in the gestalt of this operation, in the spherical coordinate system in a flat surface 
perpendicular to the travelling direction of laser beam 1 02a, although only the same include angle as the 
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angle of deviation of a polar coordinate shall shift the phase of laser beam 102a, the phase shift member 105 
In the spherical coordinate system in a flat surface perpendicular to the travelling direction of laser beam 
102a Divide into the field which divided the between from zero radian to 2pi radian of the angle of deviation 
of a polar coordinate by the number of arbitration, and in each divided field Only the same include angle 
may shift the phase of laser beam 102a, and the phase of laser beam 102a may be shifted so that the include 
angle may be contained within the limits of the angle of deviation of the polar coordinate in each field. 
[0051] As shown in drawing 4 , specifically, a phase may be shifted. The axis of abscissa of drawing 4 is the 
angle of deviation of the polar coordinate within a field perpendicular to an optical axis, and an axis of 
ordinate is the amount of phase shifts of a phase shift member. Even if it uses such a phase shift member, 
like the above-mentioned gestalt, the intensity distribution of laser beam 1 02a on a mask 1 1 3 become zona 
orbicularis-like, and effectiveness equivalent to the above-mentioned gestalt is acquired. 
[0052] Moreover, in the gestalt of this operation, in the spherical coordinate system in a flat surface 
perpendicular to the travelling direction of laser beam 1 02a, although only the same include angle as the 
angle of deviation of a polar coordinate shall shift the phase of said laser beam 102a, the phase shift member 
105 Even if it shifts the phase of said laser beam in the shape of [ centering on an optical axis ] zona 
orbicularis in a flat surface perpendicular to the travelling direction of a laser beam, like the above- 
mentioned gestalt, the intensity distribution of laser beam 102a on a mask 1 13 become zona orbicularis-like, 
and effectiveness equivalent to the above-mentioned gestalt is acquired. 
[0053] 

[Effect of the Invention] As mentioned above, according to this invention, in laser beam machining which 
projects the image of a mask on a processing object and processes it, tiie intensity distribution of the laser 
beam on a workpiece can be changed so that it may become uniform distribution, and the advantageous 
effectiveness of becoming possible to perform high-definition processing is acquired. 
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mirror 104, intensity distribution of one laser beam 102a 
is converted iri an annular zone shape by means of a 
phase shift member 105 on a mask 113, and the other 
laser beam 102b is maintained in a gauss shape and 
propagated on the mask 113. Since polarizing distribution 
of the laser beam 102a and 102b are vertical, intensity 
distribution of a synthesized laser beam 102c on the 
mask becomes added value of intensity of each laser 
beam and can be uniformed. Furthermore, since 
polarizing distribution of the laser beam on the 
processing object is uniformed by projecting the image 
of a mask by a projection lens 114 on a processing object 115, quality processing can be 
conducted. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or 
application converted registration] 

[Date of final disposal for application] 




ma^mimff (jp) ti2) ^ H |^ ^ $g (a) mmmmmm^ 

#112002-35980 
(P2002-35980A) 

(43)4iSB ¥^14^2^5 0(2002.2.5) 



B2 3K 26/08 



F I 

B2 3K 26/06 



HOIS 3/00 
3/10 



HOIS 3/00 
3/10 



£ 
C 
J 
B 
Z 



4E0 6 8 
5F072 



m&m^ m^<oms ol (^iok) 



(21)UB#^ 



(22)tfiMQ 



^S2000 -225032( P2Q00 -225032} 



3pJ5ai2^ 7 ^ 26 0 (2000. 7. 26) 



(71)ttiSA 000005821 



:*:Ki&n3STfi:fc^R^tl006#a 

(72)%Qq$ sgfi 



(72)%I9# ff« 



(74) A 100097445 



xa (^i^2«) 



(54) ix-ifmaiB&tfw-ifjainc*tt. afetftev— ifsas» 



(57) [W^] 

ACr)?ftet»?1i ^ /^^fli i 3^ -2) cfc ^ ^C^^T -2> C i 

1 0 2«rS/P»KiSi 0 4ri9^8tb, iftr 

-A 1 0 2 a(DaSiJffi*fitKi^7 hSBW 1 0 5 OCJ: D 

1 0 2b«**»i>X!K<D**v>;^^ 1 1 3±*-Cfe»3-t* 
U— tf t'-A 1 0 2 a i 1 0 2 bCD(i3t:^fpIl3:Sii: 
35:/cd«)^^Sn/cU-1f fcf-A 1 0 2 c<0'^7.^±'V(D 

c^»nX35»^?f^So 




t 



^>SiJ L tc—:fj<o u - if tr- Acr>3S^^^* -^^ ;^ i» ±t?$g 

M^CC^Omr-^^i'i. MiH'7;^i'©««:JnX>itf!.!^ 

u— tf tr- A«:m:&fsi*ssii:>:c 2 ooiEiKm© w - 

■!ftr-AtC^S3-r?»^K4. »S8l/Ai-5?©U— tftf- 
©HU-C^Sd bfc 2 -:>© U-— If tr- A*^fiS-r 4*®.!: 4 
[ 3 1 L/ U- - -tf b'- A ©^a:^^ 

}iff:^(c£ig:^^7Mi^-c©lil$li^(c4i}(r>T. mm 

©dftiPIOftSl^cW. iiriSU— !fl^-A©fiti*S^7 

l^tc J; 0 ftJt 3 tl/cUie U — tf tf- A©^31£^©ft4ir 
iB-5';^4'©fiiHtcS^-rS«?^*^i«fflt>T«J5RS 
ti-5.Ci=£!^i-rSi»*J®l S /cCJ 2 IBig© P — !f JJP 

jitf:&[qi(csjS^7Mi^'c©@issi^(c«}i>T; Sbi^isi 

©is ft © 0 -7 T > *i 6 2 71 5 1> T > * T? © * ffig© 

S*5S^J^F«i©ffiffit5©(ift©©Hrtic$* <t ^ tc 

3 nytUiS u- if tr- A©»5t^©«4 V ;^ 4? ©&glc 
•r^>if3}c:S 1 Sfc{*2iBSS©u-1fJ]nXSIS. 

jtif:^iPiK:Sil:«cJPiinF«3t?il6«i*«ii 0/c»S««cci5gB 
if tr - A ©»7t,'*©« €:Bflf B-7 X ©fitaic ffti?^ .J 19: 



(2) #Pi 2002-35980 

2 

1 $/c«2iBtg©u— tfsnx^s. 

J^K:^i3»5HJ-r;^f^c'7'i. WOWSn/cU-iftr-A 

$.€>K:B5ifi u-if f - A*ffi;s©er®J^ic^ o m-rx 
10 r'?':?'©WK;friSi>'-lftr-AS:2-oK»8flT4X7'5» 

s-3i5a5R:^r© u— tf tr- A©«3i6:&i^*Siinc^r 
*friB u— !f tr- A4^i:g©»f®Ji5t«ifc^ 0 ffi-rfig-c 

sjKtscc^ D £b-rfig©itr-c^sib/c 2 -5© u-tf e— 
[it*3a 8 ] ;^«© u— if i^- a^^s 

3 €> fcira u— tf t^- A4e3t©KB}&t^t«:«j 9 mr ;^ 

:;/©MK:fiiai — tfi:^-A=£iB3fe:J^|Sj*JSit&2-:> 

©ii:i^ti:)t©U— !ft:-AtC:S-Sd-r5X7^y7'i. 

u?c— :&© u— tf A©?ae[»?&4fria u — If i^- A 

?:ffi^©ttr®J&t^tc^ 0 ffi-rficg-c^^t*ifc-r^>xf^ 

7"^. Wau— »ffcr-A4e^©BrM»t«e(c^DlB-i-tt 
g©irriJS!lUfc2 o©U-tf lf-A«:^fi£'r2>X7^ 

30 [st*3H9] ^f!lL/?t— :&©U— !fe-A©®K»^& 

*KriB u —ye- A ?&ffig©»fMiifJt^{cw D ffi-rteg-c 

IS^t^cc-TiXf^s^^tt. t5iau-iftr-A©jifT*iSi 

(csis;&7iS(«3-c©sM@^(c«}(r»T. msLm>mnt 

ISIDfta/cWmriHL'— !fl^-A©<4tB?rt^7 FrSX5^ 

titi->7 hsn/tBuieu— !fe-A4m3fe-r<E> 

m3fe3nfciriau-ifi^-A©*3ii*©« 

Ci«:!|#«i-r*iS^«7 SfcB8EtS©U-1flJnX:& 
40 [i»*3a 1 0 ] »*l L/C— 5?© U--!f tr- A©?fte» 

u — !f tr- A i£es©»fBJg«K:^ 0 Wrtlfi 

Tt&^fitc-rsx-T^-^:?'^. SJffiu— ife-A©iitf:& 

iqi^iiii:^¥Si^'e©@is^(c4»C)-c. @]iiei©igA 

©0-7S>7>*»e.27r-5S?T>* ■?©»* ffiji©!!S-ClZ 

/ci^uiau-if f-Aofitsie^^ hi/. *©fts*ss 
f-v-fi,. hsti^fcinau— tffcr-A*«3i&-r 

6 X 7^ 7" i . ^316 $ n/c BUSB U — !f tr- A ©^3t,#^o 
50 «J€:T'Xd?©fi[gtcS^-r-2)X7":?:?"i{CJ:0^fiS3n 



9 



(3) I^Pi 2002-35980 

3 4 

•5 C <!: i -r ■& S**3S 7 S /c » 8 IB^CD U - If JOX n?c luf 3 U -if tr- ACD»^fe,#,<Dfl^* Sfita^^®&gK: 

1 1 ] ^gl)tfc-:j?<DU— !f tf-A<D33tS» l 3 3!/c» 1 4f3SS©U— 

fcHfriau— If fc^-A?:m7t-r2>;^ •?■<!:. m^stifc &miyv ymtt. titii'^ hsuwot^Kieasniai 

frEu-iftr-A©»ife^©»*v>^d'©fi[Stcte»-r ifti/t^mt, »3i&^K^^(cj:iD«3fesnfcSiriBu— ifi^ 

4>^7=-?»^itcJ:«)«i^sn*ci*«F«iriiir^as 10 >--t.©S56^©«*«s0f5e©tts«:iaj^T4fa:^^ 

ftici«:^ii<i:-r*i»*3i93&>e>i i©t»-rn*>K:faK -rn/ptcEigou-if^s. 

*tC^L/fiot}iE3R*©U-1ftf-A©fi36*-|oI*S 20 02 U-1f-*»YAGU— !f^^ra=ifc-U>'>-©iifC> 

EtcSi^-r-s^st. :»Siib/^c— :^©u-— !f f-A©5S u-if e-A^fflc^T. ff^©jgt^©gan**i'^)-7^ 

^?&*Bff5e©t4a-cte^«i«:r4#®t. 0f3£©tis i'©«*tsdjiix!B>±ocfi:Ki/Jinx*tf 5u-ifJina:^s 

©B5-r-:»SaL?c2-P©U-1ftf-A4^fiS-r-&^Si:=fe Riyf-e©:^^. MmcC0 2 U-1f-*'YAGU--!f^^ 

:^r-5U-1f^Jiii. ra=Jb-U>*^-©lSt,^U— tftr-A«:^-riU— tf 

A^&^-r-s^^^liSi, Htfiau— tf tr-A^«3t:^i^ [0002] 

*ssia<c2-p©ii:Miiit©u— tftr-A«:»ia-rs#® [ii£3R©fi?{i5i ±aL/cb— !fj]nxj^g«:M-rs«e*iS 

g-C^^t^iK-r-S*^^'. B»T;£©filrg©Sirt?»S(lL/c2 X^g©«fiS®T'**, ^SfCfcti^TS 1 ttU>-1f^S 

OOU— •ftr-A*^fiJEr-&*Si*WriU— tf^Jl 30 g. 5 2ttU-1ffcr-A-C*O0*tc:?D7T-f-»l'4:,^. 

i^Tml//c. 5 3«7^u;^a-:/. 54«T^i'. 55 

[i«^i5] ^SHUfc— :iEr©u-iftr-A©5a)g» «i9:^w>x. 5 6 »JnxMl^^r* 

^S«:BlTS©ffigT'*S^<*«:-r?.#l2»v BJiBU— If tr- [0003) U— !f«ISig5 1 *>6mS*L/fcU— !f tf- 

A©iitf:7^l^tcgii:i'iJFffiF*3T©^S^tcfc(,»r. S a5 2«. ■f-u;^=3-:7'5 3?r)ljau-rv;^^'5 4{ca 

ffi©©<SftiraDftfi/cW. irffiU--lfe-A©tfcH* It-rS. v>^47 5 4W^#3*SoI^"C*»), ffiLOfc»r> 

7 ham©^tci^$n«.«5636^5Si. a^tejl&^^Ric :*c#3tiBj^"C»ja:<JjDXicfBC;-r:Ac*3©@5-5' 

J:f3SI3feSn/£i«5tau— !ftr-A©SI3t:^©«*BatB@f ;^i'SrfflU>S»^«>**. *fc^L':^=i-:'5 3 

^(DiiL^ic^ti^myt^^tim^^xmmstiic ;^d'K:AS*-rsu-tfK'-A5 2©tr-AaijK®©ffi 

i«:!|$a!tir4it*5Sl 3$fcttl 4iSt8©U--!f^ 40 JJOXK:** L«3a{c«t^>J: 5 tcK^StiS. 

S. [0004] -^^L-C. fSfiU>X5 5*J-y;^i'©»€:fla 

[19*^18] ^Sdb/c— :;&©u--!ffc^-A©5ftS» XMmilb6K.&miy. m^iS-:^V>i-MWJ:£<oWJa 

ffi«:3f5e©fiig-c^^t?«:r^#©«. Buiaw-if«^- xiKjcc^orTiiBgwinix^rtf^. 

A©3i?f:?^|S]icgii:^c^Srt-c©fiiMti3^tc4j(,>r, [ooos] S/c. S£*S^a5tcfci,iT». i^^w^^/a^ 

glt5©<Bft©0^i^T>*»€>2 «-5i?T>Sr©K*tt -{cJ:t3 U-lf l^-A*;^ + -f >LfcO. JJDXiflnX© 

^<D^&ifi&mmf>i<ommm<Dmn(ommPiic^i^tih [ o o o e i 

^K:B5g3n€>^3fe*^3^i. ^3t3t^lSlcJ;0^3 50 rii^L/cJ: U— tfJjPXSIgW. iUTtClB-r J: ^ 



C4) 



[0 00 7] iC6*5, C02U-1f. YAGU-1f^ 

[0 00 8] ccDJ:5ft:u— tftr-A^, m^ltlMij lo 

[00091 * /c. St^fiajcDJ: 5 «c U-1f finXS^BKiM 
L/T«. a y^•-1$r«:ffi(,irv;;^t5^c^>ga□g|5K:>[^L^- 
©jafiS<3[)%ffia>?fiii^«a>*%flnx«:mi s ic^ 5x3^ 

[0 0 10] s/cae*r», -^ji/^^^ Ku-ift:-A 

[0 0 1 1 ] •e;^i5?cr)^^JnX?t^i^±Cc!g 
g5L/Xj3PXT-5 U-1fflnXtCteC^T. |ftJjnX«3±7?CD U 
— tf f - A(D?afl[»fi3 >a:»W<b «c ^ J: 9 tcS^-T 30 

[0 0 12] 

wc^om-r^x^i. fijfBv;^^o^*finx>cta®tc 

L fc—:^(D u - if tr - A V X ^7 ±"C ^^tK 

tcr-s^Si. iaia-^;^^©B«r»S(lL'/c2-o(ou-if 
tr-A^^^'T'S^aiccjco^fiSi-r^^fccD-e*?). tin 

So 

[0013] S/c5aK»fl3*i;tr'5Xl^;cDU-1f l^-A* 
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SB U - if - A ^mytyj\^f)mW.tii 2 ocDitfad^fecc) U 

-iftr^-Atci^Sd-rs^ei. »S!lbfc-;&<DU—!ffcr 

-A(D5Sg53'^?:-7X^±'t*t&^tt«:r4*Si. -^^^ 
^ ©iU X-^tO b 2 OCD U -if - A ^ ^fiST S #ia i 

[0014] 

?tS^W*s^'?^tt©U--tftf-A^»3ir4V- 

1f|%!iSi. tJiBU-1fe-A4tt;g(D»rM?K«;tc^0 
tli"r-^>^i5?t. luiBv;^^c?:)«S:J!BiX*t&®K:as-r4 
SUTfe^^gt^Wb. talBvx^OHUtcfcliTUIBU- 
1ftr--At:2ok:^§Sr-2>#l5<i:. iJSflS n/c^Kj^© U 

-'A<D<)g7^::&r&i^sa:oc^^TS^®i. ^fiio/c— 
mt. mriB-7;:^^(ottrr'^SflL/c2o<Dv-iftr--A* 

^KlcfcO. JPXSsf^sgjtCfcl^TU-tf t:-A<D5fcK:»=ffi 

i^jjnx;c>itH*s. 

[0015] ^:fcit*^ 2 tciB*gcD^?B«. 5^^**5 
^tf'J^xl^CDU-iftf-A^^rsu-lf^JSiS^b. bJ 

IB tf i^- A%flEscDBfffi?&i*K:^ 0 a-r i . 

laiB-;!';^ ^cD^'^JjDX^tm^ccig^TSSK^t^iSi ^ 

WL. B0ffiv>^^CDIurBuiBU--iftr-A«:ffl36:&ln];&5 
^iE tj: 2 -ocoiBSHBit © U - 1f ti: - A »SJT 2> 

^fdbfc— :&OU-1ft:-A(D3SS^:?HJS:VX:5?± 

--if t::- A^r^fiS-rs^gi^wrs u-if»nx^gT 
c<om^^J:K>. flnx*flfc!B5Cc*5iiTu^ife- 

0. a°pg<DJ:CiJjpX;^?itH3KSo 
[0 0 16] £/cA»B^(C»ig^]S3§Bi£C0%^(^. 

f a b fc—:fj(o u-tftr-AODSSS^JTP^'^^^^i -cts^ 
tiifrc*rs^S«. liiiBU-ifi^-Acr>iiif:;&rS3icSii:«c 

/ct:r. fJ)fBU-1ffcf--ACDfi[tB5:5^:7 hT2>ck!)tc?^!S 

SSn-S^^^^i. MiB^7t7t^lfe«:4:i3^3fe3n 
/cluiBu-if t^-A0!:)aii!&.^,cD^i£HijiB-7;^ i^coffigtc 
SiJ-r&!8iJ3fe^5SiCcJ:0«ffiSniii*^l 
2iBtE(7>U-1f»PX^H-C$>0. C(Dt«fiS;6Cj:D. ttlX 

S« 

[0017] *:fei»3}?«4iBtS<o»Wtt. ^^aL//c-:& 

<D U — tf - A ODSSS^^ ?r V X T 

l5iBU-1ftf-AOjiff:&foJ^Sit«c¥Hl*3'C6r) 
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c<D«IfiS;K:<fc»j. )[)ni*fii!^tc*it>TU-ift lo 

[0018] S/ci65j<^5ieiScDaiBti, :0'i«L'fc— TS' 

hSPM©^K:a2g3ti5*5t7fe^^i, SuiB*3t3t#=3S 
•5'>^i'©fitgtc!5tK-r4S^^3RiK:j;«)^fiS;3n4 20 

its?:® 1 * /c w 2 fete© u — tf Jtoxi^g-c* o . c ©« 

[0019] 3 ^v:^imKnmiiasBsm<D¥tmt. 

4^#si i -r -si*^ 3 *>6 5 ©vi-rnAatcgBts© u— tf 

mj:mm.-c$>t). c©«RS(c<tD. jjnxjtti^!©«:tji>r 

U-1f l^- A©3fiS»ff*iv;^ ^©:;*c# 3 (CjSO/cJ^— 
fe^^&tcfjcD. D'iK©J:l>flnX**a*S. 30 

[002 0] 3|s:^Bj(Di«*317iEtg©^BJ«. ^g^^S 

*s;tf'?;^tS©u— ife-A?:lfeli-r4;^f'f wis 

U— !f If- A*fiE,t©»fffiJ^t>;fC^ "3 W-r ;^ r- :^ -T"* . 
W D m 3 U - -if t - A ©»r® ©« «:l)nX*f ^igjtclg 

;t©»rffiffJt*e«:^ *) tii-r:^ 9- V :/©mrtc8irie u-tf 
A*2o{c^SJrs:x^i?:3'<fc, »SllL/cSl?^©U-1f 

t:- A 5: 0 floBiiigjR:^© u — !f tr- A 

©<i367^lfi]«:Sie{c^^-r4;^f- :»Slt^/c— 
©U-1ft^-A©5i(S»^&«:luBEW-1ftr>-A*ffi£© 40 

IB U-if tf- A «rttjt©»fffi?^1^tc^)3 1) ai-rfilfS©B«r 

•Tiu— !fJ)nx:^^-cab«3> c©^^kj:0. Jraxst^ 
^K:*ji»r u--tf tr- A©5^»^ti*«-^;^ e^©:^* 3 «: 
jt-Cfci^— ^c^flJK aj: d ^ o°aM©J;i»ljnx*stb*S. 

[002 1 ] ^tc^mm&9SSSi<0:$i^mt. ^^ifi 

^'t?;^t^©u-iftr-A?r^-r^;^^f bJibu 
— !ft-A«:fi^©Biffl}e<*«:«]om-r;^'f--y:?'i, m 
f)tB3nfc|!rffiU'— !ftr-A©KM©ife%»nx*f*igsK: so 
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-A ?rii5t:&is]3!»ssis^f 2 r>(Dm.^m^<o u — r f - A 
K:^fi|-rs;^f"-^7't. ^fdb/c— ^©u-iftf-A© 

«S»^S%t9SBU— !f tr-A«reS©BrH}gttK:^») tU 

tt;g©»rMjK««:i?) 0 mt&.s<om-c^ l 2 U 

c©*tticj:o. jjnxs**ife{c*jt,»T u-if 
fc/io. a°D^©<fci>l)nx*JHi*s. 

C 0 0 2 2 ] 3 6(C:^^fi<){ci$^9g^©%^». ^ 

til L- fc— :^© w — !f t' - A ©^a^^flj 4 B? IB w - If t - 

fT-tt. S!ji3W--tffcr-A©ji!f:mni«:siaa¥MF*i-r? 
©ffii^^ift^cfcCi-c, Si^^©<i^tim;llS/citBuiB 

u-ift-A©titi4s/7 h'rs^f"-?:?'^. msi^y 

3 nfclaia u - 1f tr - A©m3l£^©«4 v i7 (Dttatc 
Sf^-r & >^ 7^ •i' :/i tc i 0 «SrR3 tiSgj^^H 7 S fc« 8 
iB4E©u--!flJnx:^;S-r*0, c©#S«:<ki3> ftix*!- 
tiiBiKfeur u— If e-A©5SS^3&*v;^i'®^# 3 
tcjSD/ti^— ^r^j^&tc^tD . D°dM©J:ti*nX*5ai*^>. 
[0023] J^l^it^^ 1 OUM<D^mit. f^tiLtc— 
:;&© U — !f Jf- A©Slg»^& U — !f - A Srff S 

©»r®J^t^itc^»Pdi-rfiig-r-tHwt^;ic-rs;^7"7 ^ns. 
STE u— !f tr- A©jtff jS'i^itcSil:* Wrt-c©ffiiS ei 

^K:feC»-C. S^S©ti^l©0^i?T>*>e>2 7C^yT 

>a-c©ra=S:fe^©iftm«i3-5fc$sig?t£:»i:^. K^ije-n 

ft:S««F«3-CB. ^D^IffilteWfrKU— tftr-A©iatB 

^5^7 h -e©^lfi*%^iiSF«3©ffil$S©i@^^©IBH 

IB u -If A©«7t,"^.©is* -vy^ i;©eg(cig^-r s 

^ 7^ y tc J; tj «fiS3 tl 4iS*« 7 * /ttt 8 iB*S© U 

— !fflpx:?^a-c* «3 . C ©Affile J: 0 > jHlX)>*a!©«: *J 
«, »r U - If tr- A©5&e»^P*J V i» # 3 {C JS D 

[0024] */cif3S:® 1 1 iatg©l%?9». ^U/c- 

i;^© u-lf tr- A©?^»^ff*BtiK u -if If- A SftS 
<bL;fc^^WcBuiBU-lft-A©ati^5^7 h-r*;^ 

h3nfcB5EU— !ftf-A4r^r 
SX^^-^T-i, Si563tift:WKU-tflf-A©*36.^© 
i7©ffig6cfS:iJ-r-5.;^7" 7'i(c J: ►):^fiS;3 n 
■5i««3B7S/ctt8fa4g©U— ifaix*ffi-c*o. C© 

?S*5v;^e7©:^#3K:iSD/c*&— ic»55«:&»), ag© 

J:ujnx*iaj3t5s. 
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[0025] $ 6(C:^f|:^(Cif^9 1 2ii^<ommit. 

[0026] :4^^l^<Dg»^^ 1 3 iB^<D%^». 

c ©«^h: J: 0 flirSofi® r© u — tf if- a©8SS^?& 
ifii^—icrjiK), :^^m<o\y'-ifms^^\^-^uaiMmi 
«:fllt>-c3fS©t4a-c©i&— ^t5Say>*4ttix*fsft%± 

S»^&*!vxi'©:^#SK:iSG/ci^it»?5{c/j:i3, Si 

«©±c»ftnx*«w*s. 

• [002 7] 3 6)tC=a«:a«jKiS*Jl 1 4ieig©^Bg«. 
Miau-1ftf-A%fi5fe5^|fiJ:*iSii:^c2o©0iDS<i 

— »f K- A©5SS»:fS*Bff 3t©ffia-cte^«K:-r 

B'TS©fii^©B!r'C^J>flIL/c2-0©U'— tftf-A*-^ 

J: 0 Bif5£©ffia-C© Ix — tf tr- A ©f^aiJ-^pASJ^— (C it 

3S©fiia-c©i&-&3sa»?&*ft]x*f a!^±Kis:K-r * 

c <»: -cJrax>t*^!^{c fciiru— iftr— A ©3Sg^^*i -7 

X35«U1*4. 

[0 02 8] ifcsnntm i 5iasE©%?^«, :»siibfc— 
^© u-if tf- A©3ss^^5*0f5e©ttsr<«^««:-r 

mils u-tf kr-A©3lff:^(6)«:Sit^i:^ffirt 
-roSiSS^lc^stiT. fflffiS©<aftil5DftK/cW. 

fiitas^7 hgmi. tita'>7 hgi5M©s^«:iBg3ns* 
- A©m3fe.^©ffe* BtfiemscfigKSiJ-r 

5giK:J:i3«fiS3nsa*«l 3S/c«l 4IBSS©^- 
1f«l^•r* 0 . C ©^fiRtc J: 0 BifS©ffiS"t?© U— If 

% u- — !f Jnix3?S{cffli,»-cgf ^©as-c©i^-nc!as» 
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[002 9] */cif^:fl 1 6ie^©%Bg«, ^J-Sdb/c- 

:^© u-tftr- A©!ae»?s«:3r)e©fiia-c<®^««:-r 

ttriBu-tfK'-A©jitf:&[6](cSii:^3c^Mrt 

t?©fiBffi^K:*il,>T. SffiS©iift©0 7i?T>*>6 

2 ;e -^t^r >3;-c©K€rtt:t©t^-ciE:^u-3/ciuatc:» 

©<lift©eHrttc^*4aSJ;5K:?^fiS;3n/ctt1i'>7 h 
10 t. *^3fe^K:J:0«3t3nrcfJSU-iflf-A©m 

c©1ts£tc:J:'3Bf5E©{4g-c©u— tftr-A© 

jinx^SK:«cst:gTS©fia-r-©^^c5sa^3'?&«:ttix 

>ftl^!K5±KSi?-r 4 C i-CftIXS*J^!88KfcC>-C u-if tr 

tsK). a°dK©J;tr»tinx*saj*s. 

[0030] 3£/cig3j?Jl 1 7ffli8©»§i«»Sill/fc— 3? 

20 ©u-ifif-A©?se^=s:9T>E©titgt?^^t^efc-rs 
umimi^ ofcm^iKicmm — if tr-A©ffitB€r->7 

^3 tlfcfJS U-tf ir- A©*3fe^©««WEffS© 

3 * yt» 1 4 IB«S© U — tf ^S-C* 0 . C ®«fiR«: J; 

0 ^^©fia-r © u — !f e - A ©?sg^?ij 

•p. *^?B©U-tf^^=S:U-1fttnJ|g{Cffl(,»Tgf 

30 3E©ttaT©i^— ?t?sa:»^«rJjnxssfsi%±K:»:i^r* 

ci-cjjnx^f^i^tcfcti-c u— !f t:-A©3^Sfl-?lf*i-? 

XAiffl3lt-6. 

[003 1] 3 6lC*i*6«JtCi»*]ll 8iB*g©^BS«. 
fittest-? h2m3!>sm363t^lRt-(*K:fl5i5R3nfcliJ*3i 

1 5*^6 1 7©i,»-rn*Hciesg©u— !f^Jist?$)»j, 

C©«fiSK: J: 0 Bif5e©tta-t?© U— !f t-A©?SiS[»^& 
*5i^— fCfjD. *^HH©U— tf^!iS=S:W-1flHIXiia 

Kffl t, » T mm(Dm.s-c<Di^—rji mt^m^ mi:Mm}± 
AO ccfi:^4ciTinx3*si«Bj{cfe(,>ru— !ftf-A©!S{ 

H©it>Jnx*stb*4. 

[0032] jyT> :^mM<OMM(OmMV:r>i>x . m 1 

[0033] imnaymm h i w*f6w©— ntfe©?^ 

^tctew -5, u— »f J]nX^a©i£IBS<tEE0r * 0 uc 
*JI>-C1 0 1»U— !f^S. 1 02BU-1ftf-A. 
1 0 2 aB^^gt^n/c— :^©U-1flf-A, 10 2b{* 

^^3nfcffi5?©u— iftr-A. 1 0 2 cti^tssn/c 

50 U— !fe-A. 1 0 3tt7x-X»;*-i^-. 10 4« 



u 

U>X. 1 0 TttbT-A-^xX hfits; 1 0 8Wl8«i36 

^3^. 1 OQ\it±SiMm. 1 1 0«7^u;^r2-7^. 1 1 

iiit±s.iim. 1 1 2\ttsyp^tm. 1 1 siivx 

[0034] iX&c«)fftc-oiirgi?9-r 5o tf^g 

A10 2*^li-r^o b-1ftr-A 1 0 2(i0nfi 

[0 0 3 5 3 -ei/rS/P^Mm0 4«. Pii3t. s 
S/P^^^l 0 4t3:P<l7fe(DU-1ffcr-A^3gM 

0 4^il3tU/cU-' !ftr-A:i&sl 0 2 a. S/P^fB^ 

1 0 4"CSS*3tl/cU-1ftr-A:^l 0 2 b^^-So 
[0 03 6]* l/rfi[ffi->:7 hSm 1 0 5 U-1f 

-A 1 0 2 a<Djitf:^r^^ciiii:3^j:¥Si^rcD®ffiii3^^c 

[0 0 3 7 ] S2 (a) 53:, fetgS^:? hSBWl 0 5*. 

*fLr (til) OJ:^^cJiJt?^^€»n-&o 

[003 8]. 

mi] 

2 % X 
d = 

(n-1) e 

[0 0 3 9] (Sil > tCtel^r A»U-1ffcf-A 1 0 2 
(bmS: (mm) . n {iigilKOfflSf^ l9 iiSi^^l^CDd 

hsm 1 0 scDit^tciaa^ti. v-ifbr-A i 

0 2a*^5t:-r^o 

[0 04 0] fiittai^::' hBP«l ObltC^^ami^^ KS 

n*^u>xi 0 6Trai^3n/cu-' tfe-A 1 02 a 

0 7K:fcliT5feS»?&3&5«S^ttCC?:c-S. 

1 1 3cr>filrgtc!gjKr-So 

[oo4i];^:tc. syp^mmi 0 4vs:MLfcu- 
iftr--Ai 0 2b»±si*^i OQ-csi^sn. ^u;^ 

n-:?"! 1 OCcAW-rSc 7"U;^a-:/l 1 OtJ. 

1ffc'-A 1 0 2 b*v;^^±-C®^ZJ&fcr-AS, i&m(D 

[0 04 2] *bT. ^JSI4^1 1 lt?SW?ti/cU- 
1fb'-A 1 02 bii. S/P^S'fK^l 1 2tC<tO !f 
e-Al 0 2a<!:tr-A(4aiji?f:&fpj3&5-a-r4«fc5 
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u-if tr- A«r if tr- A 1 0 2 c tJ:^^ 

[0 04 3 ] CO!)J:^ tc<SiS$nSi. 13^ 
(DU-1f tr-A 1 0 2 cCD5Sffi:»^«, W-lft'-Al 

0 2 a i U— tf hf-A 1 0 ZbO-^tl^tKO^^^O 

[0 0 44] 03 (a) tCU-1flf-Al 0 2a<Dv>; 
i^i 1 2cc43t:f ^5SS^^*. 03 (b) tcu-iffc:- 

A 1 1 2 b <DaiSi3^^«rS^T, U-1f tf-A 10 2a© 
10 v::^^ 1 1 2Cc^t:f-5>5fea5J^^». tr-A-^x;;^ hfig 

1 0 7CD«3&^iiJg3ns<D'Cfi^mcittD. u-'iffcr- 

Al 1 2bCD^a[»*tt. fiiffla:iB«:Sl:t^j:l^(DT. S$ 
[0 04 5] -e-UT. U-1fl^-A 1 1 2 c<D3aS»?& 

fr^. EI 3 (a) (fC^'rm&^^tm3 (b) ^c^Tssa 

[0 046] v;^:5?±rOU-1ftr-A 1 0 2 cOSfeS 
^C^?&K:-r<&/c«6^Cii. U--tft:-A 1 0 2 a© 
20 -^^^^l 1 2CC*5frif^5Sg»^&iU-lfl^-Al 02 b 
©SSa^^O b' - A S i 5S S[CD tt ^&m(fC miR btMti 

-A 1 0 2 atCMbT«SiJ3fe^3S 1 0 8©!S:Kfg** 
mBL. !ftr-Al 0 2bCcB8L/r«'f UXn-:7" 

1 1 o*«ss-r2»eiu>x%5etttc?Sr>t:j&a63#'Sc 

[0047] */c. U-lf tr- A 1 0 2 a i U-1f fcf- 

A 1 0 2 ©istt:>7ifii**«'fai*rs c ir. sofi5.u/c<. 

30 [0 04 8] CC-C. lStC-&0E$n'S2o©U— tffcf- 

A©iijic:&r^:^^^ii:ri^Cii«^. ^i^Si?n-2>2-o©u- 

h 3n/cu-if tr-A©14ti;&sfi>CrfS^r«)^t.i 

or. ^fissn-su— tftr-Aovj^^tS^i-ccwftSft* 

U>X1 1 4». 1 1 3 (Dm^lMJ^m^JiftCiSt 

[0049] ti±©<fc 5nc u-tfflax^g^^^rti 

40 tf. ]!ra:)^*!83±-c©u-iffcr--A©9SS»ffi*i*i—cc 

[0050] 3^*5, 2ts:|li6©»JfiStC4dt*T. tittiS^:? h 
105*. U-ifbr-A102a ©iltf :^faJ ^Slt 

S/dW. Iftf-A 1 0 2 a©fittB*->:7 hrsfe© 
tOfti!)^. U-1fbr-Al 0 2a©3itf7?r^CcSit^c^ 

50 -A 1 0 2 a©fi[tBS:>/:7 h ^•©ftS3&i«ffiW9© 
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1 0 2 SiOmS^i^y h LTfem^ 

[0 05 1 ] :g:ft65j^c«, 04^c^-rj:^tc{4tB*>':7 

hUTfecfcC^ ia4CD8ll4tt?lctttcSii:3a:ffil^«cteW4 
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